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Introduction.

The following notes are the result of an nnfinished study of the
dyke rocks ocenrring at Bendigo.

leferences to the rocks are not very numerous among the literature
of this gold field, which is mostly contained in Professor Gregory’s
Bibliography of the Economic Geology of Victoria (1). They are only
occasionally mentioned throughout the publications of the Victorian
Mines Department, except in Mr. Dunn’s monograph (2) where they are
treated at some considerable length, and in Dr. Howitt’s petrographical
report,(3). Elsewhere theyhave been referred to by Miigge (4) in a review
of Dr. Howitt’s paper, and by T. A. Rickard in his descriptive papers
on the Bendigo field published in the Transactions of the American
Institute of Engineers.  Rickard (5) has given special treatment to the
dykes in his paper on the Origin of the Gold-bearing Quartz of the
Bendigo Reefs, Australia. In this paper he gives a number of sketches
illustrating the relations of the dvkes to the strata. One of these,
which is incorrect and deservedly criticised by Argall(6) as being incon-
sistent with Rickard’s stated facts, has recently been copied into
Malcolm Maclaren’s book onGold (6) as figure 127, The papers by Argall
resulted in the discussion on Rickard’s work.

Very little work has been doune on these dykes within the last sixteen
vears, and at the beginning of the present year it was thoughc that a
study of these rocks and their relation to the distribution of gold
could he profitably commenced.

General Relations.

The dykes, which are locally always termed “lavas,™ have been
injected into the folded ordovician sediments of the Bendigo field. Mr.
Dunn (2) has pointed out that the dykes ave found along the course of
every anticline, and not in the synclines, and that they are not con-
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tinuous along the whole length of the anticlinal axes at the surface.
The course of a lava upward is irregular, and as it rises through
the different levels of a mine it wanders at times both east and west
of the actual “ centre country,” but is seldom far away. So regularly
do the lavas follow the centre country that they have been of great service
to the Geological Survey in the mapping of these anticlinal axes, and
Mr. H. S. Whitelaw (7) has tabulated the surface characteristics of the
lavas which are always decomposed and recognised by (1) the trench
or gutter caused by their weathering more easily than the walls of the
adjoining country rock, (2) their more stable decomposition produet,
the magnesium carbonate, which at the surface occurs in thin nodules
or veins, and (3) the peculiar opaline aspect often induced in the quartz
of a reef with which they have come in contact.

Observed in one anticline they are frequently found to branch into
two or more lava streams which may or may not junction again at
higher levels. At the New Christmas shaft, situated on the Christmas
anticlinal axis at Kangaroo Flat, six lavas are met in one small crosscut
of 94 feet, revealing the existence of quite a network of streams.

In thickness they average from 9 inches to 12, Three-inch seams are
not nncommon, and they range down to thin threads which may die
right out. Mr. Dunn (2) records a 5-foot lava in the Great Britain Mine.
The south shaft of the New Christmas Mine contains a lava 6 feet thick.
A 12-foot lava was supposed to exist in the Bird’s Reef Mine, Kangaroo
Flat, but has been found to be in part sandstone, and is only 5 or 6 feet
thick.

The trend of these dykes, north and south, is remarkably persistent.
* platean region ” type. The

and they form a parallel system of the
parallelisn: is made particularly noticeable by its coincidence with the
direction of strike of the rocks. With this parallelism we do expect
to meet them in anticlines rather than synclines, for anticlines are
always in a state of relative tension to the synclines, and, therefore,
suffer fracturing in the relief of crustal stresses in preference to the
synclines.  The coincidence of the strike of the rocks and the dykes
means that the same kind of crustal stresses have been involved in the
folding of the rocks, and in the injection of the igneous material. The
main earth movements resulting in the folding have resulted from
pressure fromy easterly and westerly directions.  The rock stresses which
were relieved by the injection of the dyke material, and which no doubt
result in rock fracturing, in part, have developed at o later date from
the same direction. I think this instance forms a good Victorian
example of Harker’s principle of the intimate connection between
igneous action and crust movements (8), especially if we agree with T, C.
(‘hamberlain that earth movements are inheritances, and likely to be
continued in the sawmne manuer at different periods of the earth’s history.
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Tho cross-courses on the field which have displaced the anticlines and
the slides have resulted from movements distinctly minor to the main
ones. and Mr. Dunn has spoken of dyke material filling the cross
fractures, but I have not been able to verify this.

In such a parallel system of dykes as this, whicl has originated from
the same magma, we might expect the dykes te communicate across the
anticlines at different levels in the crust of the earth. The only pos-
sible instance of this that came under my notice was in the Koch's
Pioneer Mine, Long Gully (Garden Gully line), where a lava comes
from the west at the 1200-foot level. and continues through the upper
levels to the surface, hut is not found in the lower levels.

The metamorphism ef the intruded series by the dykes is extremely
slight.  Apart from the peculiar appearance sometimes seen in the
quartz reefs, noticed above by Mr. Whitelaw, the only evidence T can
record is the presence of sillimanite crystals in quartz associated with a
lava obtained frour the Ironbark Mine.

The penetration of these thin parallel sheets, persistent for miles in
length, through a thick series of folded sedumentary rocks, is a fact
which is hmpressive. It has astenished previous observers, and caused
dickard (D) to propound a fanciful theory of dykeintrusien based on an
unproved statenient that the mobility of the lava is due te superheated
steam and not to intense heat. Suchwas rightlyattacked by Argall (6)
Mr. Dunn(2)1s inclined to imagine the presence of explosiveforces. There
is little to be gained at present by speculation. The mechanics of dyke
intrusion is a difficult subject and ene little known. It can therefore he
well left to a later date.

The question, too, has been raised as to whether these dykes were
channels of supply for lava flows at the surface. Rickard was quite
sure that they were. because he erroneously connected the menchiquites
with the newer basalt, but Mx. Punn thought probably not. It is not
uncommon to find a dyke stream: fading out in the upper levels, and an
instance was recently noticed in the Koch’s Pieneer Mine, where the
top of the dyke was largely a mass of sulphur. The presence of sulphur
now implies the presence originally of sulphurous gases which were
unable to escape through a vent. In this connection it may be remem-
bered that large black biotite crystals are to be found in the lava in
places like Jones’s shaft, New Chum line (2), and the Victoria Consols
Mine. Small biotites are sometimes seen in the sections of rocks from
the other mines. The formation of bietite as a mineral is now known
to require either the presence of a * mineraliser " like water vapour, or
pressure. Mineralisers would have escaped and the pressure would
have heen established with the existing surface at the time of intrusion.
This helps us to think that these dykes were independent and self-con-
tained intrusive bodies. Yet on the other hand the nearest petrogra-
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phical allies of these rocks in Victoria, e.e.. the King's Quarry rock
at Macedon (11), have resulted in very small flows, and any small flow
at Bendigo could well have heen denuded away.

Petrology.
('liemical Characters.

A rock sample from the Central Red, White and Blue Mine, Sheeps-
head line, was analysed. This sample was taken from the thicker of
the two lavas which occur within a few feet of cach other in a small
crosscut at the 313-foot. level. This rock was chosen because it was
found to be very fresh. The analysis made is in general similar to that
made by Mr. Frank Stone, quoted in Dr. Howitt’s paper (3), of a sample
of the New Clhunn lava in Lansell's 180 Mine.

L. 1.
Si0, - - 4092 - - 39.32
ALO, - - 113& - - 17.53
Ti0, - - 6.57 - - —
Fe0, - - ;7 S =105
FeO - - 12.96 = - 9.12
Ca0 - - 9.28 - - 10.38
MgO - - 7.78 - - 3.00
K,0 - 1.94 - = 3.04
Na,O - - 397 - - 9,44
MnO - > 13 —
PO, - - 51 .
Co, - - 2.82 Moisture 2,20

HO- - - 64 -
HO+ - - 1w - -l
100.47 99.20

1. Dyke, Central Red, White and Blue Mine, Sheepshead line.
Analyst, F. Stillwell.

1. Dyke, Lansell's 180 Mine, New Chum line.  Analyst, F. Stone

The Sheepshead line is immediately east of the New Chum line, and
these analyses tend to emphasise the minor variations that can be noted
microscopically in various samples of the Bendigo monchiquites.  The
Sheepshead Tava is relatively more acid, though at the same time it is
a fresher rock.  The high titanium content finds expression in the
highly titaniferous augite, and the abundance of ilmenite. The low
silica percentage, moderately low alumina, moderately high alkalies
with soda predominating over potash, high lime, ferrous ivon” and
magnesia are the chemical features of the monchiquite group of rocks.
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Petrogeaphical Characters,

Central Red. White and Blue Rock, 318-foot level. (Plate T, Fig. I).
This rock in the hand specimen is dense, bluish-black, and very hard.
Porphyritic erystals of olivine can be seen, and also occasional white
vesicles filled with calcite.

Microscopically, it is extrentely dense.  Occasional very large olivine
crystals are found which are more or less comipletely serpentinised.
Smaller olivine phenocrysts are common, and are for the most part
relatively clear and unaltered.  These fresh olivines from the 318-foot
level are remarkable when one considers that the olivine usually seen
in the Bendigo rock sections isx very much altered, even at the deepest
levels of the Victoria Quartz Mine, 4614 fect.

Augite is perhaps the most abundant mineral. It is a purple, titani-
terous variety, and faintly pleochroic. A brown prismatic hornblende
is present in a much smaller amount than augite. It is strongly pleo-
chroie, arnd is distinguished from biotite mainly by its oblique extine-
tion. The angle hetween the prism faces can only sometimes he seen.

[lmenite is extremely abundant in small crystals distributed evenly
tlironghout the rock. Microlites of 1hmenite are also abundant.  Thin.
colourless rods of apatite are discernible in the ground mass.

The ground mass when unaltered is clear. colourless and isotropic.
Its refractive index is higher than that of xylol (1.4912) and not much
different from that of a sample of cedar oil (1.5090). The ground
mass is therefore a elassy residuum, and not analeite.  Not only does
the material serve as a general ground mass for the whole of the rock.
but it appears as well here and there in irregularly-shaped areas which,
containing an excess of brown hornblende, form light-coloured patches
in the rock. These are obviously the acid residunm remaining after
the crystallisation of the bulk of the magma. In part the ground
mass is found to be not absolutely isotropic and to show polarisation
colours up to iron grey and erey white. This condition is most evident
in some of the segregated patches when in addition a curious perthitic
intergrowth with ilmenite is evident. It is here found to pass out into
oceasional basic felspar laths, and the assumption is that the
remainder of the crystallised ground mass is felspar,

Vesicles in this rock are filled mostly with a carbonate, probably
caleite. The carbonate could well be dolomite, especially as rhombs of
this carbonate have been geen in sections from the rocks from other
mines.  Occasionally rods of a fibrous carbonate, arragonite or fibhrous
calcite, can be seen under the high power lining the edge of some of
the vesicles.  Rods of a tihrous zeolite, probably natrolite, are present.
Arpaleite. in small isotropic cubes, has also been seen. Chalcedonic
silica is present as a secondary mineral, and also crystallised silica as
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quartz. A vesicle filled with quartz is rimmed with a network of green
prismatic erystals showing high polarisation colours and oblique extine-
tion. Pleochroism, if any, is extremely faint, and the mineral looks
like epidote, but has not got the extinction angle of epidote.

These characters. combined with its high basicity and chemical
composition, and its mode of occurrence as a dyke, arve sufficient to
place the rock among the monchiguites. The felspar is too insignifi-
cant in quantity to displace it from this monchiquite group.

Dr. Howitt (3) has described a dyke rock apparently similar to the
above, from Lansell’s 180 Mine, on the New Chum line, and named it
limburgite. Miigge (3) in a review of Dr. Howitt’s paper, suggested that
the name monchiquite shonld be used to agree with the mode of
occurrence, and the name limburgite should be reserved for very basic
tava flows. This is the proper interpretation of the terms, and therve.
fore we may call our type rock monchiquite.

An examination of a number of sections of lavas from other mines
reveals the same general characteristics of the monchiquite group, with
minor variations. A complete comparison is not possible, because the
lavas are so frequently decomposed. This decomposition is in no way
proportional to the depth below the surface, as shown by the CUentral
Red, White and Blue rock. Further, the decomposition, once started, is
surprisingly rapid. A lava, exposed only for six months at 2600 feet
in the Koch’s Pioneer was found to be erumbling in part, though quite
dry. In the Pearl Mine a lava exposed some thirty years along the
roof of a disused drive at 130 feet, has rotted sufficiently to form a
linear heap of mullock along the floor of the drive.

In spite of this, fresh rocks, suitable for microscopical examination,
were obtained from a number of places, and the following notes may be
miade ;- Specimen No. 14, Lansell’'s 180 Mine, No. 2. The sample was
obtained from the 400-foot level, about 30 feet south of the shaft. This
mine is situated on the Sheepshead line, and adjoins the Central Red,
Wlhite and Blue Mine. Three branches of the lava are present in this
mine, while there arc only two in the other. In this rock olivine has
been more abundant, but is now completely serpentinised. Augite is
present in two generations.  The large augites are unearly colourless
and sometimes zoned. somctimes with honrglass structure. The small
augites form the same kind of network as in the Central Red, White
and Blue rock.  The hornblende is present in about the same propor-
tion, but the ilmenite is relatively much less abundant.  Fhe colourless
eround mass is in small proportion, but appears in the same residuum
as patehes, crowded with hornblende and ilmenite microlites.  Vesicles
are more developed, and this is always voticeable with the further
decomposition of the rock as vecorded by Dr. Howitt.  Many of these
have an inner core of green amorphous silica. rinnmed with caleite, and
tho alteration is sometimes repeated.
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Spectinen No. 9, 3827-feet, Victoria Quartz Mine.  The complete
alteration of the olivine in this rock is very noticeable, and the eround
mass iy perfectly isotropic. This New Chum dyke was found to be
very decomposed down to 1300 feet in the Pearl Mine, and very hard
acain in the Catherine Mine, Eaglehawk. Iere the rock is similar
to that in the Victoria Quartz Mine, but the vesicles are far more
abundant, and many of them contain rims of a coarse fibrons carbon-
ate, probably calcite.

Specimen No. 34, 1863-feet, Jolhmson’s Reef Mine, No. 1. This is the
Garden Gully fava, and here it is very dense, and the colourless ground
mass 18 scarcely perceptible. llmenite is scarce, vesicles are numerous,
and many arc curiously lined with pyrite.  The same dyke at the
Clarence United Aline contains an average amount of ilmenite.
Natrolite ix well developed in the vesicles of this rock. The natrolite 1s
prismatic, positive in sien, with straight extinetion and low polarisation
colours At the Koch’s Pioneer Mine, the Garden Gully lava is not so
fresh, but a section of a 2-foot dyke shows it to be relatively coarse.
Olivine is completely serpentinised. Large augites are present, some
of which have a core of inclusions. Ilmenite and hornblende are
present in average proportions. Small biotites are noticeable. The
oround mass is in general not isotropic, and consists mainly of a low
polarising mineral.  This is probably original felspar, but may be
secondary, and developed during the alteration of the rock.

The rocks from the places above mentioned come within the mon-
chiquite group, from which the following deviate: —

Specimen No. 7, Goldfield’s Mine, No. I. The Goldtielki’s No. 1. is an
abandoned shaft at the southernend of the Nell Gwynne line of reef. The
specimen was obtained from the dump, and was a piece of a thick lava
met i sinking the shaft at the depth of about eighty feet. The first
clance under the microscope shows the rock to be generally similar to
the true monchiquites. Olivine phenocrysts are partly fresh, and only
partly serpentinised. There is only one generation of augite. The
ilmenite is very abundant and hornblende is present. Biotite is
present m relatively large erystals. The feature of the rock is that the
ground mass is perfectly clear and colourless, and not isotropic. A
large vesicle ix present in the slide, and contains a little biotite and a
great deal of calcite, and these are mixed with a mineral which is
apparently identical with the true ground mass of the rock. Here it
is found to possess cleavage, and an extinction of three or four degrees.
[+ is untwinred and the polarisation colours are never above greyish-
white. Tt is biaxial and positive, and has a refractive index less than
that of oil of cloves (1.5333). TIts appearance is that of a felspar, and
its refractive index is that of orthoclase and anorthoclase. In addition
it has in some places an appearance suggestive of very fine lamellar
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twinning, and one is therefore inclined to call it anorthoclase. Tt is
probable that the chemical composition of the rock is not far different
from the Central Red, White and Blue type, where the soda is in excess
of the potash, and this assists the determination as anorthoclase. The
presence of this anorthoclase (?) base distinguishes the rock from
the typical monchiquites.

Specimen No. 3, Forbes Carshalton Mine.  The specimen
was obtained from the dwmp heap without any knowledge of
its depth in the mine. The locality is more than one mile
north of the Goldfields No. 1 shaft. Like the Goldfields’ rock
this rock is generally similar to the monchiquites. Olivine is mostly
serpentinised, and the augite is present in two generations. Horn-
blende and ilmenite are perhaps in smaller proportion than in the
typical monchiquite. These minerals are all set in a ground mass of
felspar laths. The felspar shows lamellar twinning, and the lamellae
give extinction angles up to 35 degrees, which determines it as labra-
dorite. This felspar is present in much the same proportion as the
isotropic material in the tvpe monchiquite. In addition it appears on
the segregation patches similar to the light coloured, acid residual
areas in the monchiquite. Clearly this felspar has been the last mineral
to crystallise during the consolidation of the magma, and in this
respect it is certainly analogous to the isotropic material of the mon-
chiquite.

The felspar of this rock and of the Goldfields No. 1 indicates that
they belong to the camptonitic variety of lamprophyre. The Forbes
Carshalton specimen is more of a true camptonite than the Goldfields
No. 1 sample, with its alkali felspar. It seems to be very similar to
a rock found at Balwyn, which occurred as a small low. This has been
described by Messrs. Chapman and Thiele (10) as a limburgite.

The examination suggests that the labradorite and anorthoclase
are but further stages in the crystallisatinon of the monchiquite
magma. The distribution of each as a base for the other minerals is
very similar, and their relative proportions are much the same. This,
combined with the minute amount of felspar in the monchiquite itself,
suggests the passage from the true monchiquite through the Gold-
fields No. L. type to the FForbes Carshalton type. The specitic gravities
of the two lastmamed are greater than the specific gravity of the
Central Red, White and Blue type. This is in accordance with the
suggestion because the specific gravity of a glass is always less than
that of the mineral which would result from it.

Specimen No. 38, One Tree Hill Mine. (Plate 1., Fig. 2). This speci-
men was collected by Mr. Whitelaw, and was obtained from a now
inaccessible part of the One Tree [HI Mine, two miles to the 8.8\,

of Bendigo. The Oue Tree Hill anticlinal axis is some distance to the
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east of the main lines of reef. In the hand specimen it is a hard,
greenish rock with shiny flakes of mica. Microscopically, the rock is
much altered and of porphyritic character. The outstanding pheno-
cerysts are those of an originally well crystallised wineral, which is now
completely altered to bhrownish unrecognisable material, though here
and there small patches have only gone as far as chlorite and calcite.
Some of these well bounded sections are eight-sided, and indicate
original augite. Others are six-sided, and by their prism angle indicate
original hornblende. No unaltered augite or hornblende is present.
Plagioclase felspar occurs sparingly as crystals which are not much
altered. Phenocrysts of hiotite with ragged edges are commoen, with
pleochroism varying from a deep brown to a very pale straw colour,
It has undergone considerable alteration to chlorite. Sonie crystals of
biotite have undergone internal bleaching, the iron having heen leached
from the centre, and concentrated in a ring which now gives a dark
border to an interior of chlorite and calcite. Quartz is abundant, and
the chlorite and caleite extremely so. Ilmenite occurs scattered in very
small erystals, and apatite is also accessory in fine needles.

The rock is a typical mica lamprophyre, and, if placed in Rosen-
busch's classification, it would be termed kersantite.

The specific gravities of these rocks were determined from small
fragments, and found to be: —

Central Red, White and Blue sample - - - 2.95
Forbes Carshalton sample - - - - - 2.99
Goldfields No. I. sample - - - - - 3.05
One Tree Hill sample - - - - - - 2.78

Age of the Bendigo Dykes.

The dykes include ordovician sediments, and are certainly post-ordo-
vician. South of the Big Hill tunnel, a monchiquite dyke cuts a granitic
dyke. The granitic dyke is probably associated with the Harcourt
granite, and the inonchiquites are probably post-devonian. At Kan-
garoo Flat a dyke is found cutting through a glacial conglomerate. If
this conglomerate is part of the derrinal sevies, and of permo-car-
boniferous age, the dykes must be later than permo-carboniferous.
Further than this the stratigraphy of the Bendigo district cannot help
one, for no later geological period has left its record except in some
tertiary and recent river gravels.

No structural evidence is forthcoming, though there is a possibility
that the relations of the dykes to the series of earth movements that
have affected the Bendigo field may be found and co-ordinated in time
with general movements throughout Victoria.
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For further help we must therefore depend on the less convincing
petrological evidences.  Rickard (5) looked. upon the monchiquites as
part of the newer basalts. The monchiquites, however, are quite
different from the newer basalt type, and are even more basic than the
older basalt series.

The nearest petrogiaphical allies are found in some limited ultra-basic
lava flows in the Macedou district, e.g., King's Quarry type. Professor
Skeats and Mr. Summers (11) have placed these flows near the top of
Macedon series of tertiary igneous rocks. They have suggested the
existence of a sub-alkaline magma beneath the whele of Victoria in
tertiary times, and progressive differentiation from it has produced
first the alkaline rocks and later the basic rocks. If this is correct and
the King's Quarry type is a differentiation product from this magma,
then the monchiquite dykes may well be its differentiation products
also, because the monchiquite itself is a sub-alkaline rock. This
analogy sugeests that the monchiquites are of mid-kainozoic age.

Monchiquites are known to occur in a similar manner in other parts
of Victoria.

(lorrelative evidence mayv therefore be produced in the future, but
till then the balance of evidence, such as it is, leans towards the con-
clusion that these dyvkes were intruded in mid-kainozoic times,

Relation of the “lLavas” to the Gold Distribution.

Only a study over an extended period of time can throw much light
on this question. Concrete cases, nowadays, of lavas in contact with
rich gold-hearing stone are rare, and many such instances must be
found and examined hefore the problem can be thoroughly discussed.
Instances were probably not so rare during the earlier history of the
field when all the development work was in the shallower levels, and
it is more often the miner of the old days who asserts that the lava
exerts an influence on the gold. There can be no doubt that such
belief would be assisted by the presence of the lavas in centre country,
and the lavas have been followed as guides to the unrvecognised centre
country. Such is obvious in mines like the Pearl, where drives in each
successive level have been started on the lava.

My contribution to this guestion is the record of observations in the
Ironbark Mine, Lone Gully. Here, in sinking a winze in the centre
country of the Sheepshead line from the end of a crosscut about 700
feet long at the 480-foot level, a lava was found to split into two
branches, each about ten inches wide. The branches opened to about
four feet, and then continued more or less parallel.  The lavas are the
dark, dense characteristic monchiquite, with strealks and segregations
of olivine altered to serpentine.  The enclosed space was tilled with
quartz. The winze was down twenty-seven feet at the time of my first
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visit, and the quartz across its full width showed galena, blende, and
pyrite with just occasional colours of gold. Secattered through the
milk-white quartz were dark fragments of the country rock, angular
in shape, of all sizes, and with definite, unabsorbed houndaries found
in fissure filled reefs. Between this reef and the dykes there is
thoroughly brecciated aterial, consisting of pieces of slate, reef
quartz and lava. Some of the quartz has lost the milky appearance
and become vitreous, and there are greenish patches near the lava
picces coloured by the serpentinous material.  This material is typical
breceia, inineralised, and very rich in gold.

Pieces hroken from right in the side of hoth lavas showed gold. Mr.
Rogers, the manager, gave me a piece of the eastern of the two
branches, showing a coarse shot of gold quite obviously detached from
any quartz whatever. Examination with a pocket lens showed that the
rock inmediately around the gold was different from the main mass
of monchiquite.

A thin slice of this rock, cut through visible gold a little distance
from the one coarse shot. was prepared. and revealed the fact that the
rock actually containing the gold itself was a piece of breceia set in the
dyke material.  The bulk of the gold is mixed with dark, opaque
material, which looks decidedly carbonaceous. This dark patch also
contains small pieces of a white micaceous mineral, calcite and slaty
material.  One fragment of gold is detached from the opaque material
and set in a lump of fine sandstone, but has several veins of secondary
calcite leading up to it. The whole is surrounded by fragments of
micaceous slate and sandstone. These fragments have apparently been
caught up by the lava in its intrusion, and cemented well into the lava
during consolidation. The detached fragments of lava in the breccia
indicate earth movements subsequent to the consolidation of the lava.
These may have followed the consolidation immediately, resulting from
the same rock stresses involved in the intrusion itself.

A thin slice (Plate 1., Fig. 2) of another specimen of the contact
material was prepared, cut transversely to the contact, and through
visible gold. This section clearly shows crustification parallel to the
direction of the lava. The gold in the hand specimen could be dis-
tinctly seen lying between crustitied bands for a length of about four
millimetres before the slice was cut.  Under the microscope, pieces of
slate, galena, and opaque material are seen between the crustitied
bands. Mixed with the opague matter and also with the galena 1s
eold.  As before, the opagque matter looks decidedly carbonaceous. This
crustification clearly shows that mineral-bearing siliceons and cal-
careous solutions have traversed the side of the lava, subsequent to
the lava. The presence of carbonacevus material sugeests that it
was the precipitant of the gold.
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Connected with this is the fact that the bulk of the gold is in the
hrecciated material, which would itself certainly provide the easiest
passage for solutions. This is evidence which points to the conclu-
sion that the gold is secondary, meaning hy this that the gold is sub-
sequent to the reef, that the gold has been deposited elsewhere first,
from there removed, and re-deposited in this breceia, and that therefore
there has been secondary enrichment in this particular spot.

A drive was opened to the south from this winze for about a hundred
feet, and a second winze is being sunk. In this winze the lavas are six
feet apart, but the whole of the space between is ot filled with quartz,
It is in part slate, and the reef, about three aud w-half feet wide, pursues
a wavy course downwards.  Occasional colours of gold, I was informed,
are seen throuvhout the reef, but the hrecciated material seemed to be
absent. The reef in this winze is not nearly so rich as the No. I. winze,
and this erratic distribution supports the conclusion of secondary
enrichment.

The lavas may influence the gold distribution in the following
Ways :

(1) The heat aceompanying the intrustons may stimulate the
flow of the undergronnd solutions involved in the formation
of the quartz reefs.

(2) The lava sheets may act as an inpervious barrier to the trans-
verse passage of such solutions.

(3) The lavas may form drainage channels for the vertical passage
of such solutions.

(4) The dyke material may aet as a precipitating agent to the
gold carried by traversing solutions.

If the lavas are of the late geological date indicated by the petrolo-
gical evidence, the first of these methods has had no effect on the
primary deposition of the wold. Observations where the dykes eut
through reefs at the deeper levels, as at 2300 feet in the Catherine
Mine, Eaglehawlk, and at 2600 feet in the Koch's Pioneer, Long Gully,
are all negative, yielding no evidence of any influence on the gold
distribution.  Such influence would be noticeable, if anywhere, in
the deepest levels, where the heat and stimulation would be greatest
and it is becoming gencrally recognised that the deeper reefs are not
so valuable as the shallower reefs.

1f the second method operated, one would expect enrichment only on
one side of a lava, cutting through a reef, and 1 have found no evidence
in this direction.

The third method is one which | venture to suggest in explanation of
the above fronbark occurrence. The evidence points to the circulation
af gold-Dearing solutions subsequent to the reet. and to the lava. 'The
evidence is not suflicient to decide whether the solutions came from
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above or below, Circulation of solutions may operate throughout the
whole field, hut for enrichment it ix necessary that:
(1) The solutions should traverse the dyke channel.
2y Mhe solutions xhould he gold-bearing.
(3 The solutions should meet material which will precipitate the
zold.

Ounly where these three conditions meet will enrichment result. En-
richment will thus not necessarily result when o decomposed dyke
meets a quartz reef or spur. If the enriching solutions are travelling
downwards, enrichment is only likely in the shallower levels of any
mine.

The fourtle possible method is suggested by the example recorded
by Mr. Duun (2) in the Hercules and Enevgetic Mine, where a quartz
spur cut through the dyke. and is rich in the dyke and poor on each
side. No evidence has been produced to show how the dyke could
possibly so operate.

In concluding this paper T should like to acknowledge the invaluable
assistance of Mr. T. W. Ross. BME., Assistant Inspector of Mines, in
gaining for me access to the mines, and of Mr. H. 8. Whitelaw and the
members of his staff, and by no means least the unfailing courtesy of
the mining managers. In the laboratory I have been much indebted
to Professor Skeats and Mr. Smmmers, M.Sce. To Mv. H. S. Grayson T am
especially indebted for the preparation and staining of rock slides.

Summavry.

The dykes of the Bendigo goldfield are intruded into folded ordo-
viclan rocks. They form a parallel system with a paralelism coinci-
dent with the strike of the rocks. They occur along the course of each
anticline, and in the mines are always approximately in the centre
country. At the surface they are always decomposed and soft.

Specimens of fresh lava were obtained from several of the niines.
These were examined, and one was analysed. The rock was found to
be highly basie, and a member of the mounehiquite group. The mon-
chiquite was found to pass into camptonitic varieties at the Forbes
Carshalton Mine. and at the Goldfields No. 1 shaft. A kersantite is
recorded from the One Tree Hill Mine to the south-west of Bendigo.

The age of the rocks can only be determined by petrological analogy,
and is considered to be probably mid-kainozoic,

The relation of the lavas to the distribution of the wold is discussed.
‘vidence has been obtained in the Ironbark Mine to suggest the
secondary deposition of the gold. Gold is found more abundantly
and irregularly in thoroughly brecciated material than in the adjoining
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reef quartz. Some of this gold was exumined microscopically in thin
section, and was found to be in crustified bands along the side of the
lava. Hence the lavas are believed to influence the deposition of gold
only in so far as they provide drainage channels for the flow of
secondary mineralising solutions.
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DESCRITPTION OF PLATE I.

Fig. 1. Monchiquite; 313-foot level, Central Red, White and Blue
Mine, Bendigo.  x 3.
Fig. 2.— Kersantite ; One Tree Hill Mine, Bendigo.  x 25.



